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Abstract

Emission regulations for unburned hydrocarbons, nitrogen oxides and particulates are becoming more stringent throughout
the world. Nitrogen oxides include NO, NGnd NO. Transportation (mobile source) and fuel combustion (stationary
source) are the main sources of nitrogen oxide emissions [1]. This review will update the commercial catalytic applications
for abating nitrogen compounds (including nitrogen oxides) and will summarize the status of the following technologies
applied to stationary source emissions: (1) selective catalytic reduction ofudidg ammonia (SCR); (2) non-selective
catalytic reduction of NQ (NSCR); (3) nitrous oxide (DO) decomposition; and (4) ammonia (MHlecomposition.

The major sources of NOfrom stationary sources are power generation, stationary engines, industrial boilers, process
heaters and gas turbines [2]. SCR is usually applied to all these sources and NSCR is applied mainly to the stationary
engines. NO decomposition is used mainly in the chemical industry associated with nylon intermediate manufacture. NH
decomposition is a fairly new application and can be applied to SCR to decompasnhssions from industrial operations.
©1999 Elsevier Science B.V. All rights reserved.
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1. Selective catalytic reduction (SCR) of NQ Ammonia or in some cases urea reacts selectively
to reduce the N@ The non-selective reaction con-
Many challenges exist when applying cataly- sumes the reagent and reduces the, NOnversion.
sis/catalysts to fuel combustion processes (stationaryIn situations where sulfur compounds are present,
applications) for NQ emission control [3,4,5,6]. The  the conversion to S§must be minimized to prevent

basic chemistry involves the following reactions: salt formation and deposits on heat transfer surfaces,
which reduce the heat transfer efficiency. In mobile
4NH3z 4+ 4NO+ O — 4Ny + 6H,0 applications, the S©must also be minimized since
4ANHs3 + 2NOy + O — 3Ny + 6H,0 } this leads to increased particulates.
selective or desired reactions The reaction scheme for the major SCR NNO,

reactions can be depicted in Fig. 1 [3]. The Nean
react selectively with the NOto give N» or react
non-selectively to give Nor NO,. This parallel re-
action scheme results in the following characteristic

2SQ + 0 — 25G;
4NH3 4+ 50, — 4NO + 6H,0
4NH3 4+ 302 — 2N2 + 6H0

non-selective reactions diagram for SCR as shown in Fig. 2.
There have been a number of catalytic technologies
% Fax: +732-205-5300 investigated for use in SCR over the years and the
E-mail addressron.heck@engelhard.com (R.M. Heck) major catalyst performance characteristics are shown
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Fig. 1. Reaction schematic for SCR NOFrom Catalytic Air
Pollution Control: Commercial Technology [3].
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Fig. 3. Three major families of SCR catalyst [7].

Table 1
Operating characteristics of different SCR catalysts

Medium temperature — VNX/ catalyst (\MOs/TiO2)
500-800F (260—425C)
most broadly used
10-15 years of experience
sulfur tolerant

High temperature — ZN¥" catalysts (zeolite)
650-1100F (345-590C)
very high NQ. conversion
very low NHs slip
NH3 destruction
sulfur tolerant above 80¢ (425 C)

Low temperature — LT catalyst (Pt-based)
300-520F (150-300C)
narrow temperature window
temperature window shifts
not sulfur tolerant

Table 2
Other reactions over the SCR catalyst affect performance

Reaction/comments Condition

Oxidation of NH;
uses NH
increases NQ

high temperature
extremely low NQ

Nitrous oxide (NO) formation type of catalyst

absence of moisture

Nitrite/nitrate salt formation
explosive

low temperature

Ammonium (bi)sulfate condensation
plugging
particulates

catalyst composition
SQ oxidation to S@
low temperature

The majority of commercial installations use the
V20s5/TiO> either as extruded monoliths or deposited
on a plate structure although, there are a number of
installations that use a zeolite technology. The level of
the V»0Os5 is important and must be controlled to min-
imize the SQ formation [8]. Additionally, modifiers
such as Mo and W are added to minimizesS@rma-
tion. One manufacturer even claims that adding the W

in the Fig. 3 [7]. The various characteristics of these improves long-term performance [8]. Sulfur poison-
catalyst families as described by one manufacturer areing of the V,Os/TiO, does not appear to be a major

given in Table 1.

In addition to operating characteristics, there are

issue in commercial applications.
Major catalyst poisons in coal-fired applications are

other potential side reactions in the various catalysts Na, K and As while in applications where lubricating
that impact the operation of the SCR unit and down- oils are present, such as stationary engines and gas
stream equipment. These side reactions are listed inturbines, the P from ZDP compounds can deactivate

Table 2.

the catalyst. Still, the coal fired SCR catalyst life is
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Fig. 4. Many alternatives exist for SCR N@atalysts depending
on application. NH;
B ESP SCR AH FGD
projected to be about nine years [9]. In all applica- low dust
tions of the \LOs/TiO, technology, excessively high NH
temperatures are a design issue since the anatase (high
P gn Iss : (hig B ESP || FGD [t*-| SCR
surface area) form of the Ti converts to rutile (low
surface area) causing irreversible deactivation. tail end heat
Listed below are several applications for SCR NO
. . . B = boi
e Gas fired utility boilers R o R eater
e Coal fired boilers ESP = electrostatic precipitator (or other dust collector)
. . SCR = selective catalyst reduction
o Oil fired boilers FGD = flue gas desulphurisation
* Process heaters Fig. 6. Desi tions for SCR i | fired boilers. Published b
° GaS tUrbineS 19. - -eS|gn op !ons or n _coa Ire: .OI ers. Puplishe Yy
. . permission of Institute of Clean Air Companies (ICAC).
e Stationary engines
o Nitric acid plants
o Steel mills assure a set NEMNO, ratio which will then dictate the
e Chemical plants amount of NQ removal.

Because of the variant exhaust gas compositions, par- There are a number of design options for SCR in-
ticulate loading and contaminants, there are different stallations in coal fired utility boilers as shown in Fig. 6
catalyst support structures as shown in Fig. 4. The ex- [9].
truded catalyst and the metallic support are typically  In the ‘high dust’ configuration, particulate levels
used in high dust conditions and have low cell densi- can vary between 1 and 30 gindepending on the
ties (10—100 cells/if.or cpsi) and the composite cata- type of boiler and the quality of the fuel. In the ‘low
lyst (either on a metallic or ceramic monolith) is used dust’ and ‘tail end’ configuration, particulate levels
in low dust conditions and has a higher cell density are much lower, typically<100 mg/n?. Since levels
(from 64 to 400 cpsi). of dust or particulates vary, the honeycomb geometry
A typical installation for a SCR NQunit is shown and catalyst preparation method can change for each
in the following schematic Fig. 5. Note that the critical location. For instance, in the high dust location, ex-
design parameters are the location of the SCR reac-truded catalyst or plate type of low cell density may be
tor structure and the design of the ammonia injection used while in the tail end application, a high cell den-
grid. The mixing of the ammonia must be uniform to sity may be specified. Most of the other applications
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Fig. 7. Ammonia destruction possible after SCR catalyst.

for SCR have low dust or particulate loadings and use  Convert NQ:
high cell density supports.

One interesting new technology addresses the NOx +CO — COz + N2
unconverted NH in the SCR reactions. In most NO, + Hs — H,O+ N>
applications, the Ngl slip or NHz in the exhaust
is also specified or regulated along with the NO NOy + UHC — €Oz + H.0+ N
emissions. An NH destruction catalyst is now be- The typical catalyst technology is Pt/Rh derived from
ing offered for reducing the Nilemissions after the  automotive catalyst technology. Most of the commer-
SCR installation. The performance of this catalyst cial installations use either ceramic or metallic honey-
technology is shown in Fig. 7. comb supports. The majority of applications are in ni-

SCR NQ; is a fairly mature technology for station-  tric acid plants and stationary engines. This is a mature
ary applications and little changes are anticipated be- business and the expected catalyst life-i50 years.
yond process design improvements and expanded useCatalyst deactivation does occur from ash deposits
of the high temperature catalyst technology. The next from the lubricating oil and in rare cases from thermal
major application may be in mobile applications such sintering. Typical performance of this technology on
as diesel trucks and some lean burn gasoline enginesa natural gas stationary engine is given in Fig. 8.
where hydrocarbons derived from the fuel are not ef-
fective reductants. Also, the vanadia-based SCR tech-
nology is effective in the abatement of dioxins from 3. Nitrous oxide (N,O) decomposition
waste incineration plants [8].

In the manufacture of nylon, the intermediate chem-
. ) ) ical synthesis produces large quantities giCNas a
2. Non-selective catalytic reduction (NSCR) of byproduct. The emissions from this specific chemical
NO, process are regulated and a catalytic decomposition
technology has been developed to address this need.

NSCR NQ is derived from automotive catalysis N,O is a greenhouse gas with long-term stability. This
[3]. The basic reaction chemistry occurs in a rich at- reaction is a strict decomposition as follows:
mosphere and the oxygen content of the exhaust is
reduced so that three-way catalysis (TWC) can occur. N20 — N2 + 30,

The reactions are as follows:

Many different catalytic materials have been investi-
Deplete oxygen:

gated and both the support and catalytic component

Co+ %Oz -~ COp prove critical for the decomposition at lower operat-
1 ing temperature [10]. The performance of a Co/Beta
Hz + 302 — H20 zeolite material is shown in Fig. 9. These catalysts are

UHC + O, — COy + H0 supported on a ceramic honeycomb.
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Fig. 8. Emissions from a natural gas stationary engine using NSCR R@m Catalytic Air Pollution Control: Commercial Technology [3].

N0 conversion (%) the new advancements will be mainly in engineering

100 design and mobile applications.
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